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(54) CONDUCTIVITY CONTROL DEVICE FOR FUEL CELL COOLING LIQUID 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently control 
conductivity of coolant liquid so as not to cause 
performance degradation of a fuel battery or increase 
of pump load in case of a fuel cell device equipped 
with a structure of bypassing coolant water to a 
conductivity-lowering device in order to lower 
conductivity of the fuel cell coolant water. 
SOLUTION: The conductivity control device is 
provided with a circulating flow channel 10 circulating 
coolant water between a fuel cell 2 and a heat 
exchanger 6 with a circulating pump 3, a bypass flow 
channel 1 1 for returning coolant water drawn out of 
the circulating flow channel back to the circulating 
flow channel through a conductivity-lowering device 

4, a valve 7 for adjusting bypassing ratio of coolant water from the circulating flow channel 
to the bypass flow channel, a conductivity sensor 8 detecting conductivity of coolant water, 
a control device 1 for controlling bypassing ratio of coolant water by the valve according to 
conductivity of coolant water, and a temperature sensor 9 detecting temperature of coolant 
water. When the temperature of coolant water is above a standard temperature and 
conductivity below a standard conductivity, bypassing ratio to the conductivity-lowering 
device is reduced, whereby, pump load is prevented from becoming excessively high by 
lowering pressure loss due to coolant water bypass to the conductivity-lowering device, at 
time of high temperature when pump load is high. 
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damages caused by the use of this translation. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The circulatory system which circulates the coolant between a fuel cell and a heat 
exchanger with a circulating pump, The bypass system which returns the coolant taken out from this 
circulatory system to the circulatory system through conductivity reduction equipment, The bulb 
which adjusts the coolant bypass rate from the circulatory system to a bypass system, While forming 
the temperature sensor which detects the temperature of the coolant in fuel cell equipment equipped 
with the conductivity sensor which detects the conductivity of the coolant, and the control unit which 
controls a coolant bypass rate by said bulb based on the conductivity of the coolant Conductivity 
management equipment of the fuel cell coolant which more than a base temperature and conductivity 
constituted so that the bypass rate to said conductivity reduction equipment might be reduced when 
the temperature of the coolant was below criteria conductivity about said control unit. 
[Claim 2] The circulatory system which circulates the coolant between a fuel cell and a heat 
exchanger with a circulating pump, The bypass system which returns the coolant taken out from this 
circulatory system to the circulatory system through conductivity reduction equipment, The bulb 
which adjusts the coolant bypass rate from the circulatory system to a bypass system, While forming 
the temperature sensor which detects the temperature of the coolant in fiiel cell equipment equipped 
with the conductivity sensor which detects the conductivity of the coolant, and the control unit which 
controls a coolant bypass rate by said bulb based on the conductivity of the coolant Conductivity 
management equipment of the fuel cell coolant which below a base temperature and conductivity 
constituted so that the bypass rate to said conductivity reduction equipment might be increased when 
the temperature of the coolant was more than criteria conductivity about said control unit. 
[Claim 3] The circulatory system which circulates the coolant between a fuel cell and a heat 
exchanger with a circulating pump, The bypass system which returns the coolant taken out from this 
circulatory system to the circulatory system through conductivity reduction equipment, The bulb 
which adjusts the coolant bypass rate from the circulatory system to a bypass system, In fuel cell 
equipment equipped with the conductivity sensor which detects the conductivity of the coolant, and 
the control unit which controls a coolant bypass rate by said bulb based on the conductivity of the 
coolant Conductivity management equipment of the fuel cell coolant which more than a criteria load 
and conductivity constituted so that the bypass rate to conductivity reduction equipment might be 
reduced when the load of a circulating pump was below criteria conductivity about said control unit 
while forming the pump load detection equipment which detects the load of a circulating pump. 
[Claim 4] The circulatory system which circulates the coolant between a fuel cell and a heat 
exchanger with a circulating pump, The bypass system which returns the coolant taken out from this 
circulatory system to the circulatory system through conductivity reduction equipment, The bulb 
which adjusts the coolant bypass rate from the circulatory system to a bypass system, In fuel cell 
equipment equipped with the conductivity sensor which detects the conductivity of the coolant, and 
the control unit which controls a coolant bypass rate by said bulb based on the conductivity of the 
coolant Conductivity management equipment of the fuel cell coolant which below a criteria load and 
conductivity constituted so that the bypass rate to conductivity reduction equipment might be 
increased when the load of a circulating pump was more than criteria conductivity about said control 
unit while forming the pump load detection equipment which detects the load of a circulating pump. 
[Claim 5] Conductivity management equipment of the fuel cell coolant given in any of claim 1 to 
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claim 4 constituted so that conductivity reduction equipment might be made to bypass the whole 
quantity of the coolant when it is beyond the upper limit reference value with which the detected 
conductivity defined said control unit beforehand, they are. 

[Claim 6] Conductivity management equipment of the fuel cell coolant given in any of claim 1 to 
claim 4 constituted so that operation of a circulating pump might be suspended while suspending the 
fuel supply to a fuel cell when it is beyond the tolerance limit value as which the detected 
conductivity determined said control unit according to the fuel cell they are. 

[Claim 7] In the conductivity management equipment of claim 1 to claim 4 as a conductivity sensor 
While forming the 1st conductivity sensor which detects the conductivity of the coolant which flows 
into conductivity reduction equipment, and the 2nd conductivity sensor which detects the 
conductivity of the coolant which has flowed out of conductivity reduction equipment Conductivity 
management equipment of fuel cell cooling water equipped with the judgment equipment judged to 
be the degradation of conductivity reduction equipment when the difference of the output of said 1 st 
conductivity sensor and the output of the 2nd conductivity sensor is smaller than a criterion value. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the conductivity management equipment of the fuel 

cell coolant. 

[0002] 

[Description of the Prior Art] the hydrogen from which a polymer electrolyte fuel cell serves as the 
fuel, or hydrogen — rich reformed gas and air were supplied and electrochemical reaction has been 
acquired for lifting electrical energy. In order to usually maintain the fuel cell which generated heat 
by such chemical reaction to an operating temperature, the cooling system is formed in the fuel cell 
system. A cooling system supplies the coolant to a fuel cell with a circulating pump, and the coolant 
which passed the fuel cell constitutes the circulatory system returned to a tank, after cooling by heat 
exchanger like a radiator. Generally as coolant, pure water with high purity is used. Since a 
possibility of short-circuiting within a fuel cell and causing a generation-of-electrical-energy halt to 
the fall pan of the amount of generations of electrical energy will be produced if the conductivity of 
pure water increases, in order to reduce the conductivity of pure water, conductivity reduction 
equipments, such as a deionizer filter, are formed. 

[0003] What is indicated by JP,8-7912,A is known as a circulation system which prepared the 
conventional filter. This will operate a closing motion valve, if underwater suspended solid 
concentration reaches permissible upper limit concentration, to a filter side, pours water and removes 
a suspended solid. Moreover, what is indicated by JP,2000-208157,A is known as a system which a 
deionizer filter is prepared [ system ] and reduces the conductivity in pure water. The circulatory 
system of Maine establishes a factice's circulatory system independently, prepares a deionizer filter 
in a factice's circulatory system, and controls operation of a subpump according to conductivity, and 
this reduces the conductivity of pure water. 

[0004] However, in the thing which determines the by-pass rate of FIRUTAHE according to the 
suspended solid concentration of cooling water in this way, or the thing which determines a by-pass 
rate with the conductivity of pure water, the pressure loss in the filter in a bypass is large, and there 
is a problem that the load of the pump made to circulate through cooling water so much will 
increase. When the still bigger cooling engine performance is required according to the operational 
status of a fuel cell, the regurgitation capacity of a pump will be exceeded, cooling [ of a fuel cell ] 
will become inadequate, and it will be obliged to loss of power. Or the pump of a large mold or a 
large number is more needed, power consumption becomes large, and the degradation as a system is 
invited. 

[0005] This invention was made paying attention to such a conventional trouble, and aims at 
managing the coolant conductivity by conductivity reduction equipment efficiently. 
[0006] 

[Means for Solving the Problem] The circulatory system which the 1st invention makes circulate 
through the coolant between a fuel cell and a heat exchanger with a circulating pump, The bypass 
system which returns the coolant taken out from this circulatory system to the circulatory system 
through conductivity reduction equipment, The bulb which adjusts the coolant bypass rate from the 
circulatory system to a bypass system, While forming the temperature sensor which detects the 
temperature of the coolant in fuel cell equipment equipped with the conductivity sensor which 
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detects the conductivity of the coolant, and the control unit which controls a coolant bypass rate by 
said bulb based on the conductivity of the coolant When the temperature of the coolant was below 
criteria conductivity about said control unit, more than a base temperature and conductivity 
constituted so that the bypass rate to said conductivity reduction equipment might be reduced. 
[0007] The circulatory system which the 2nd invention makes circulate through the coolant between 
a fuel cell and a heat exchanger with a circulating pump, The bypass system which returns the 
coolant taken out from this circulatory system to the circulatory system through conductivity 
reduction equipment, The bulb which adjusts the coolant bypass rate from the circulatory system to a 
bypass system, While forming the temperature sensor which detects the temperature of the coolant in 
fUel cell equipment equipped with the conductivity sensor which detects the conductivity of the 
coolant, and the control unit which controls a coolant bypass rate by said bulb based on the 
conductivity of the coolant When the temperature of the coolant was more than criteria conductivity 
about said control unit, below a base temperature and conductivity constituted so that the bypass rate 
to said conductivity reduction equipment might be increased. 

[0008] The circulatory system which the 3rd invention makes circulate through the coolant between 
a fuel cell and a heat exchanger with a circulating pump, The bypass system which returns the 
coolant taken out from this circulatory system to the circulatory system through conductivity 
reduction equipment, The bulb which adjusts the coolant bypass rate from the circulatory system to a 
bypass system, In fuel cell equipment equipped with the conductivity sensor which detects the 
conductivity of the coolant, and the control unit which controls a coolant bypass rate by said bulb 
based on the conductivity of the coolant While forming the pump load detection equipment which 
detects the load of a circulating pump, more than a criteria load and conductivity constituted so that 
the bypass rate to conductivity reduction equipment might be reduced, when the load of a circulating 
pump was below criteria conductivity about said control unit. 

[0009] The circulatory system which the 4th invention makes circulate through the coolant between 
a fuel cell and a heat exchanger with a circulating pump, The bypass system which returns the 
coolant taken out from this circulatory system to the circulatory system through conductivity 
reduction equipment, The bulb which adjusts the coolant bypass rate from the circulatory system to a 
bypass system, In fuel cell equipment equipped with the conductivity sensor which detects the 
conductivity of the coolant, and the control unit which controls a coolant bypass rate by said bulb 
based on the conductivity of the coolant While forming the pump load detection equipment which 
detects the load of a circulating pump, below a criteria load and conductivity constituted so that the 
bypass rate to conductivity reduction equipment might be increased, when the load of a circulating 
pump was more than criteria conductivity about said control unit. 

[001 0] When it was beyond the upper limit reference value with which the detected conductivity, 
defined the control unit of said invention of each beforehand, the 5th invention was constituted so 
that conductivity reduction equipment might be made to bypass the whole quantity of the coolant. 
[001 1] When it was beyond the tolerance limit value as which the detected conductivity determined 
said control unit of the 1st - the 4th invention according to the fuel cell, the 6th invention was 
constituted so that operation of a circulating pump might be suspended, while suspending the fuel 
supply to a fuel cell. 

[0012] The 7th invention is set to said 1st [ the ] - the 4th invention. As a conductivity sensor While 
forming the 1st conductivity sensor which detects the conductivity of the coolant which flows into 
conductivity reduction equipment, and the 2nd conductivity sensor which detects the conductivity of 
the coolant which has flowed out of conductivity reduction equipment When the difference of the 
output of said 1 st conductivity sensor and the output of the 2nd conductivity sensor was smaller than 
a criterion value, it had judgment equipment judged to be the degradation of conductivity reduction 
equipment. 
[0013] 

[Function and Effect] In the 1st invention, the temperature of the coolant is high, and when 
conductivity is low, the coolant bypass rate to conductivity reduction equipment is reduced. A 
bypass flow rate can be reduced at the time of the elevated temperature as which the high cooling 
engine performance is required, priority can be given to cooling, the pressure loss in conductivity 
reduction equipment can be reduced by this, and the load of a circulating pump can be mitigated so 
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much. Therefore, the miniaturization of a circulating pump can be attained or operation improvement 
in efficiency of the fuel cell by improvement in the cooling engine performance can be aimed at. 
[0014] the 2nd invention — the temperature of the coolant — low — < — when conductivity is high, 
the bypass rate to conductivity reduction equipment is increased. Priority can be given to 
conductivity reduction of the coolant at the time of low temperature with little heat release, and, 
thereby, the load of a circulating pump can be mitigated. 

[0015] In the 3rd invention, the load of a circulating pump is expensive, and when conductivity is 
low, the bypass rate to conductivity reduction equipment is reduced. For cooling, when the load of a 
circulating pump is expensive, the by-pass rate to conductivity reduction equipment can be reduced, 
and it can prevent that a pump load becomes excessive by the pressure loss in conductivity reduction 
equipment by this. 

[0016] In the 4th invention, it is low, and the load of a circulating pump increases the bypass rate to 
conductivity reduction equipment, when conductivity is high. When the load of the circulating pump 
for cooling is low, it can carry out by the ability giving priority to conductivity reduction of the 
coolant, and it can prevent that a pump load becomes excessive by this. 

[0017] By 5th invention, when the signal of a conductivity sensor exceeds an upper limit reference 
value, the conductivity of the coolant is reduced as much as possible by bypassing the whole 
quantity of the coolant to conductivity reduction equipment irrespective of the temperature of the 
coolant, and the load of a circulating pump. Problems, such as loss of power which results from the 
coolant with high conductivity being supplied to a fuel cell by this, are avoidable. 
[001 8] In the 6th invention, when the conductivity of the coolant exceeds the tolerance limit value of 
a fuel cell, supply of the coolant is stopped and a generation of electrical energy of a fuel cell is 
stopped. Thereby, failure of a fuel cell system can be prevented. 

[0019] Since it turns out that conductive ion is not removed by conductivity reduction equipment 
based on the output difference of the 1 st conductivity sensor prepared in the entrance side of 
conductivity reduction equipment, and the 2nd conductivity sensor prepared in the outlet side 
according to the 7th invention if the conductivity of the downstream is not falling, the degradation of 
conductivity reduction equipment is judged, and warning emits, or the exact maintenance of 
specifying the exchange stage of conductivity reduction equipment becomes possible. 
[0020] 

[Embodiment of the Invention] The operation gestalt of this invention is explained based on a 
drawing below. The control unit with which 1 consists of a microcomputer, its peripheral device, etc. 
in drawing 1 , The fuel cell from which 2 acquires electromotive force according to electrochemical 
reaction, the electromotive circulating pump with which 3 supplies pure water as coolant, The 
conductivity reduction equipment with which 4 reduces the conductivity of cooling water (pure 
water), the tank by which 5 stores cooling water temporarily, The heat exchanger to which 6 cools 
cooling water, the electro-magnetic valve with which 7 changes the passage of cooling water, the 
conductivity sensor by which 8 detects the conductivity of cooling water, and 9 are temperature 
sensors which detect the temperature of cooling water. The circulating flow way (circulatory system) 
which 10 makes circulate through the cooling water of said tank 6 between a fuel cell 2 and a heat 
exchanger 6, and 1 1 are bypass passage (bypass system) which returns again the cooling water made 
to shunt according to the opening of said electro-magnetic valve 7 from the middle of the circulating 
flow way 10 to the circulating flow way 10 through conductivity reduction equipment 4. 
[0021] A circulating pump 3 is the configuration that adjustable control of the rotational frequency is 
carried out according to the demand of discharge quantity, and a control unit 1 determines the 
command value of the rotational frequency according to the operational status and the circulating 
water temperature of a fuel cell 2, and controls the drive of a circulating pump 3. A fuel cell 
generates power by the chemical reaction of hydrogen and oxygen. As a power source of said 
circulating pump 3 and various electrical machinery and apparatus, the electromotive force of said 
fuel cell 2 is guessed. 

[0022] In order to control the temperature rise of the fuel cell 2 accompanying a chemical reaction, 
cooling water is circulated between heat exchangers 6 with a circulating pump 3. In order that the 
cooling water supplied to a fuel cell 2 may prevent the thing within a fuel cell which the amount of 
generations of electrical energy falls more short, conductivity must be stopped low. In a circulation 
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system which is carried in mobiles, such as an automobile, since cooling water with low conductivity 
cannot be supplied from an external water purifying apparatus, it is important to maintain the 
conductivity of cooling water low. However, from conductive ion beginning to melt from the part to 
which pure water, such as piping and a heat exchanger, contacts a metal, if it is left as it is, 
conductivity will rise with time. Conductivity reduction equipment 4 has the function to remove this 
conductive ion that began to melt. 

[0023] Conductivity reduction equipment has the filter structure where it filled up with ion exchange 
resin 12, as shown in drawing 2, by passing cooling water, removes conductive ion and reduces 
conductivity. Pressure loss generates such conductivity reduction equipment 4 on the structure of 
making a filter passing pure water. If there are many fills of ion exchange resin, although the 
deionizer engine performance will improve, pressure loss will increase. Then, in order to suppress 
the effect of pressure loss, he infixes conductivity reduction equipment 4 in the bypass passage 1 1 
prepared independently [ the circulating flow way 10 ], and is trying to pass cooling water in a need 
limit. 

[0024] With the signal from a control unit 1 , opening is the cross valve by which adjustable control 
is carried out continuously or in multistage story, and the electro-magnetic valve 7 which changes 
the flow rate to the bypass passage 1 1 receives the signal from a control unit 1 from the condition of 
circulating flow way 1 0 full-open-bypass passage 1 1 close by-pass bulb completely to the reverse 
condition, and adjusts the amount of pure water to two passage 1 0 or 1 1 . 

[0025] Detection of the conductivity of cooling water is performed through the conductivity sensor 8 
by the principle which measures the electric resistance in pure water. The conductivity sensor 8 
sends out the signal according to conductivity to a control unit 1 . Since conductivity changes with 
temperature, the conductivity converted into 25 degrees C, for example is applied. The control unit 1 
calculated the command value of electro-magnetic valve 7 HE based on the conductivity of the 
cooling water obtained from the conductivity sensor 8, as shown in drawing 3 , and it has determined 
the rate of the cooling water flow rate which the bypass passage 1 1 is made to bypass from the 
circulating flow way 10. 

[0026] After the cooling water with which the fuel cell 2 was cooled and temperature rose radiates 
heat by the heat exchanger 6 prepared in the lower stream of a river of a fuel cell 2, it is returned to a 
tank 5. The temperature of the cooling water within the circulation path 10 is detected by the 
temperature sensor 9, and this detecting signal is sent out to a control unit 1. Fuel cell temperature 
and a circulating water temperature have a correlation, and although it is an equivalent for outside air 
temperature at the time of starting as shown in drawing 4, it goes up gradually with a generation of 
electrical energy. Although constant temperature is maintained if regular, it is this limitation neither 
at the time of a high power generation of electrical energy, nor a transient. 
[0027] It is necessary to send in a lot of cooling water to a heat exchanger 6 to fully reduce a 
circulating water temperature, and the load of a circulating pump 3 will become so big. Since it can 
be managed with the amount of low discharge flow at the time of the low water temperature which 
does not need cooling of cooling water on the contrary, a pump load is low. Thus, a circulating water 
temperature and a pump load have correlation, and if pump capacity is insufficient, a circulating 
water temperature cannot be reduced. It is not desirable to improve pump capacity using a large- 
sized pump in the fuel cell system for mobiles with much constraint to loading in which the pump 
drive by the external power is impossible. 

[0028] So, with this operation gestalt, a cooling demand and a conductivity reduction demand are 
made compatible within the limits of the pump capacity restricted by adding amendment by the 
temperature of cooling water to the bypass flow rate to the conductivity reduction equipment 4 
determined according to the conductivity of cooling water, and attaining optimization. As shown in 
drawing 5 , by reducing the cooling water bypass rate to conductivity reduction equipment 4 at the 
time of the large high water temperature of a pump load, abolish the pressure loss in the filter section 
as much as possible, a pump load is made to mitigate, and, specifically, priority is given to cooling of 
cooling water. Moreover, at the time of low water temperature with few pump loads, the bypass rate 
of conductivity reduction equipment 4 HE is increased, and the ion concentration of pure water is 
reduced. It enables this it not only can to perform miniaturization of a circulating pump 3, and 
power-saving, but to plan the improvement in the engine performance of a fuel cell 2, low-pricing of 
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a cooling system including a heat exchanger 6, and the optimum design of conductivity reduction 
equipment 4. 

[0029] You may make it amend the cooling water bypass rate to the conductivity reduction 
equipment 4 determined according to the conductivity of cooling water as 2nd operation gestalt 
about control of the cooling water bypass rate to conductivity reduction equipment 4 according to the 
load of a circulating pump 3. As shown in drawing 6, since the load of a circulating pump 3 has the 
rotational frequency and correlation, loaded condition can be judged from the rotational frequency of 
a circulating pump 3. When this pump load is large, a bypass rate is reduced, and when a pump load 
is small, it controls so that a bypass rate increases. Since conductivity reduction processing of 
cooling water is performed by this when there are few pump loads, the demand maximum load of a 
circulating pump 3 can be pressed down, and the miniaturization can be attained. 
[0030] By the way, when priority is given to cooling of cooling water and the by-pass rate to 
conductivity reduction equipment 4 is reduced, any reach the conductivity which a fuel cell 2 does 
not permit depending on the operational status or the environmental condition of a fuel cell 2, and 
have a possibility of causing the fall of performance-traverse ability, and failure of a fuel cell 2 by 
the fall of the amount of generations of electrical energy. Then, as shown in drawing 7, when 
conductivity exceeds the upper limit defined beforehand, it is good by operating an electro-magnetic 
valve 7 and making all cooling water HEBAIPASU conductivity reduction equipment 4 to plan so 
that priority may be given to reduction of conductivity irrespective of a circulating water temperature 
or a pump load. Furthermore, as shown in drawing 8, when decline in conductivity cannot be 
prevented but conductivity has risen across the tolerance of a fuel cell 2, while suspending the 
generation of electrical energy by the fuel cell 2, in addition, it is desirable to stop a circulating pump 
3 and to stop supply of the cooling water to a fuel cell 2. 

[0031] The operation gestalt which judged degradation of conductivity reduction equipment 4 to 
drawing 9 is shown. Conductivity reduction equipment 4 has the filter structure where it filled up 
with ion exchange resin as mentioned above. Since conductive ion is adsorbed chemically and it has 
become constructing, there is a limitation in the amount of adsorption, and ion exchange resin needs 
periodical exchange. Since it was difficult to judge the degradation of ion exchange resin externally, 
it should exchange for every fixed period conventionally. However, since an exchange stage is not 
time amount and should call at the adsorption limitation of ion essentially, it was difficult to find out 
the optimal exchange stage. 

[0032] So, with this operation gestalt, as shown in drawing 9 , while measuring the conductivity of 
the cooling water before conductivity reduction equipment 4 passage by 1st conductivity sensor 8A, 
the conductivity of the cooling water which passed conductivity reduction equipment 4 is measured 
by 2nd conductivity sensor 8B. The configuration of the part of others of drawing 9 is the same as 
that of drawing 1 , gives the same sign to the same part, and is shown. 

[0033] When conductivity reduction equipment 4 is functioning normally, the conductivity of the 
passed cooling water should be falling. On the other hand, if conductivity is not falling also after 
passing conductivity reduction equipment 4, conductivity reduction equipment 4 will not function 
normally. That is, the measured value by 2nd sensor 8B should be falling rather than the measured 
value by 1 st sensor 8 A. Thus, the degradation of conductivity reduction equipment 4 can be judged 
by comparing the signal of 1st conductivity sensor 8 A with the signal of 2nd conductivity sensor 8B, 
and detecting the fall width of face of conductivity. The time of the fall width of face of the 
conductivity used as the decision criterion at this time when the conductivity by 1st sensor 8 A is 
higher is larger, and it is [ the time ] good for the lower time to make it small. It is because the 
adsorption effectiveness by ion exchange resin also falls when the conductivity of cooling water is 
low. 

[0034] Thus, if an inclination is emitted with a control unit 1 and exchange of ion exchange resin is 
urged when the degradation judging of conductivity reduction equipment 4 is performed and it is 
judged as degradation, the function of conductivity reduction equipment 4 can always be maintained 
at normal, and the conductivity of fuel cell cooling water can be managed more appropriately. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] . 

[Drawing 1] The outline block diagram of the operation gestalt of the fuel cell equipment which 
applied this invention. 

[Drawing 2] The outline block diagram of conductivity reduction equipment. 

[Drawing 3] The property Fig. showing the relation between conductivity and the cooling water 

bypass rate to conductivity reduction equipment. 

[Drawing 4] The property Fig. showing the relation between the busy condition of a fuel cell, and a 
circulating water temperature. 

[Drawing 5] The property Fig. showing the relation between the conductivity according to a 
circulating water temperature, and the cooling water bypass rate to conductivity reduction 
equipment. 

[Drawing 6] The property Fig. showing the relation between the rotational frequency of a circulating 
pump, and a load. 

[Drawing 7] The property Fig. about the upper limit of conductivity. 
[Drawing 8] The property Fig. about the allowed value of conductivity. 

[Drawing 9] The outline block diagram of other operation gestalten of the fuel cell equipment which 
applied this invention. 
[Description of Notations] 

1 Control Unit 

2 Fuel Cell 

3 Circulating Pump 

4 Conductivity Reduction Equipment 

5 Tank 

6 Heat Exchanger 

7 Electro-magnetic Valve 

8 Conductivity Sensor 
8a Conductivity sensor 
8b Conductivity sensor 

9 Temperature Sensor 

1 0 Circulating Flow Way 

1 1 Bypass Passage 

1 2 Ion Exchange Resin 
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